BACKGROUND: The implementation of the Patient Protection and Affordable Care Act is anticipated to increase the frequency of emergency department (ED) visits. Therefore, there is a critical need to improve the quality of care transitions among ED patients from ED to outpatient services.
OBJECTIVE: To evaluate the effect of systematic implementation of a pharmacist-led patient-centered approach to medication therapy management and reconciliation service (MRS) in the ED on patient utilization of available health care services.
METHODS: A single institution prospective randomized cohort study with 90-day postvisit observation randomized patients into 2 groups: (1) medication therapy management reconciliation service following a patient-centered approach (MRS) or (2) usual care provided by the institution (non-MRS). To align patient enrollment with availability of other primary care services, subjects were enrolled during weekday daytime hours. Data for the 90 days before and after the index ED visit were matched in all analyses. Generalized estimating equations evaluated any primary care (PC), urgent care (UC), and ED visits during the 90 days post-index ED visit, adjusted by age and sex and weighted by survival time. Generalized linear models evaluated the average number of ED visits during that period, adjusted by age and sex and weighted by survival time. Data were analyzed for all adult patients (ADLTS), aged ≥ 18 years, and the subpopulation taking 1 or more prescribed daily medication at the time of the index ED visit (ADLTS1+)-the patients expected to receive greatest benefit from an MRS program. 1 According to 1 study, it is expected that the number of ED visits will increase 0.2%-2.2%. 3 Because of increasing health care costs and increased frequency of ED visits, improving appropriate use of the ED has become an area of keen interest among policymakers and hospital administrators.
In addition, some policymakers are advocating the frequency of ED use as a benchmark for quality of transition of care. 4, 5 This is reasonable, since several studies have shown that poor transistion of care from inpatient to outpatient settings and medication discrepancy are primary reasons for ED visits. [6] [7] [8] [9] [10] It is estimated that 40% of patients return to the ED
• Frequency of emergency department (ED) use is targeted as a benchmark for quality of transition of care.
• Thirty-five percent and 57% of ED visits occur within 7 and 14 days after an acute care encounter, respectively.
• A team approach to patient visits in the ED that includes a physician, nurse, and pharmacist reduced the number of follow-up ED visits.
• Pharmacist intervention in the ED has been shown to reduce medication discrepancy and medication errors.
What is already known about this subject
• This study revealed that pharmacist intervention in collaboration with ED physicians decreased utilization of urgent care and enhanced utilization of primary care services.
• No overall change was observed in the number of ED visits. The effect of the intervention could have been masked by other ongoing quality improvement initiatives.
• The study findings may help provide direction for future research on designing integrated interventions that will influence other health care utilizations of postemergency care visits. . Given this definition, our approach was developed to proactively optimize all therapies prior to admission for admission encounters and unrelated admission encounters, as well as to discover medication discrepancies, understand patient level of medication compliance and challenges, and provide medication-related education.
What this study adds

■■ Methods Design and Setting
We conducted a randomized cohort study from January 2011 to March 2011, evaluating the role of a pharmacist-led patientcentered MRS, in collaboration with the ED physicians, for patients receiving care in the ED. Patient utilization of health care services was then observed for 90 days following the index ED visit. The study was conducted in a 380-bed community hospital Level II Trauma Center with approximately 33,000 ED visits annually, with data also collected from the affiliated clinic system. This study was approved by the associated Scientific Review Board and Institutional Review Board. In the usual model of care provided to ED patients (routine care), a triage nurse collects the patient's medication history prior to encounter with a health provider, and discharge counseling is provided by a health provider or by a registered nurse. Inpatient pharmacists are only consulted for specified drug therapy problems or to assist with pharmacokinetics monitoring and evaluation.
Prior to implementation of the MRS, an analysis was made of the utilization patterns of the ED, and the time frame between 8:00 am and 4:00 pm was identified as the time period with the greatest utilization of these services. A clinical pharmacist was then assigned to the ED during that time frame for the purposes of this study.
Participants
Initially, study patients were any ED patient, child, or adult with at least 1 weekday ED visit at the appropriate time of day (8:00 am to 4:00 pm) during the 3-month study period. The index ED visit was the first weekday visit to the ED during the study period. Patients were excluded if they were unconscious at time of admission or cognitively impaired. Additional exclusions included patients with serious mental health conditions, as identified by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) classification and patients with additional preplanned visits. Eligible patients were identified by a research assistant located in the ED and were randomly assigned to either the intervention group (MRS) or the usual care group (non-MRS). The medical record numbers of enrolled patients in both groups were documented to facilitate follow-up observation and to prevent re-enrollment of the same patient if multiple ED visits occurred. Current analysis was restricted to the adult patient population, which contains slightly more MRS than non-MRS patients.
within 30 days after hospitalization, with about 35% and 57% of ED visits within 7 and 14 days after an acute care encounter, respectively. 11 In order to combat the increasing number of ED visits, studies have indicated that improving primary care (PC) access will contribute to the reduction of ED visits. [12] [13] [14] [15] [16] In these examples, Coleman et al. (2001) and Coleman (2003) demonstrated that by improving transistion of care through visits with a care team that included a physician, nurse, and pharmacist the number of ED visits was reduced. 4, 5 The effect of poor transition of care and medication reconciliation has been explored independently. Medication reconciliation has primarily been shown to decrease medication discrepancy. However, studies on medication reconciliation have been limited to collection and documentation of accurate medication histories, and studies on improving transition of care post-ED visit are either expensive or difficult to apply in an ED setting. Little is known about how EDs in an integrated health care system can systematically implement strategies to improve access to PC providers, while improving medication discrepancy during ED visits. In addition, there are no studies demonstrating the role of ED pharmacists in increasing patient utilization of PC services. Hypothetically, systematic interventions that target medication discrepancy and transition of care will impact the rate of ED visits. Following this hypothesis, we conducted a pilot study to demonstrate the effectiveness of proper application of medication reconciliation services following a patient-centered approach. The study showed a reduction in the number of ED visits, improved patient satisfaction, and increased patient-perceived knowledge and confidence in taking medications among patients in the intervention group compared with patients who received usual care. Furthermore, patients who received patient-centered approaches for medication reconciliation were more likely to report that they knew when to contact their PC physicians. 17 Following the results of the pilot study, we next hypothesized that a pharmacist-led medication therapy management and reconciliation service (MRS) using a patient-centered approach will lead to increased utilization of PC services and a reduction of ED and urgent care (UC) service utilization. The primary purpose of this study was to demonstrate that a pharmacist-led MRS, following a patient-centered approach during an ED encounter, will lead to improvement in the utilization of ED, UC, and PC visits after an ED encounter.
In contrast with the aforementioned pilot study, in which patients were assigned based on convenience sample, this is the first randomized study to evaluate the impact of a pharmacist-led patient-centered provision of medication therapy management and reconciliation during an emergency visit. In this study, a pharmacist-led patient-centered MRS is defined as a face-to-face comprehensive review of all patient home medications prior to admission plus inpatient prescribed and administered medications (during ED encounter and on dis-
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Randomization Process
Prior to the study period, a computer-generated MRS/Non-MRS Assignment List was created by the biostatistician. This list was provided to the research assistant for randomizing patients to the 2 study groups: the MRS (intervention) group and the non-MRS (usual care) group. Randomization was not stratified by age group-child (aged < 18 years) and adult (aged > 18 years)-nor was it possible to consider the primary diagnosis or number of daily medications, which were only available at the conclusion of the ED visit. The investigators were not involved in the patient randomization and selection process. Similarly, patients were blinded during the randomization and selection process. The MRS group consisted of ED patients who received medication management and reconciliation following a patient-centered approach, while the non-MRS group consisted of those who received routine ED care only.
Exposure/Intervention
Patients randomized to the MRS group received MRS from a pharmacist in collaboration with the ED physician. A patientcentered approach to MRS as provided by the pharmacist must follow 5 essential steps: 1. Patient profile review: Pharmacist reviewed patient's medication and medical history profile, the reasons for ED admission (chief complaint), and laboratory results (if already completed).
Verification through patient (or caregiver) interview:
Pharmacist verified patient's medication adherence pattern. This was accomplished by face-to-face interviews and verification from patient's primary/secondary pharmacies where prescriptions were filled. 3. ED medication therapy management: Discrepancies were documented and reported. These discrepancies included noncompliance and core medications (based on compelling indications) that were not included in patient's therapeutic regimen. Medication adjustment/error based on patient's comorbidities were discussed with the ED physician. Home and prescribed medications were optimized based on current guidelines. 4. Patient education: At the end of the ED encounter, a complete list of medications and education were provided to patient prior to discharge. 5. Communication to PC providers: Important future recommendations and other patient-care and drug-related issues were documented by the pharmacist in the electronic health record. This was either electronically communicated or mailed to the PC provider when possible. To enable communication between the PC provider and the patient after discharge, a copy of the same letter that had been sent to the PC provider was also given to the patient. For patients without a documented PC provider, similar letters were given to these patients for them to identify and work with a PC provider. All patients were made aware of the information that would be communicated to their PC providers or should be communicated to their PC providers if no PC provider was indicated in their records.
Main Outcome and Measures
This study was designed to measure the following endpoints at the study tertiary care institution during the 90 days postindex ED visit: (a) any PC visits, (b) any UC visits, (c) any ED visits, and (d) average number of ED visits (rate per 1,000 persons) during the 30-day periods from 1-30, 31-60, and 61-90 days post-index ED visit. Analyses compared data for the period before and after the index ED visit, adjusted for age and sex, with MRS patients compared with non-MRS patients.
As previously stated, analysis was restricted to the adult patient population.
Data Collection
To evaluate the impact of MRS on patients' subsequent ED visits at the study tertiary care institutions, the institution's electronic medical records were queried. Data collected included PC, UC, and ED visits. Clinic electronic medical records provided data on PC and UC visits 90 days before and after the index ED visit. Hospital electronic medical records provided data for ED visits for the 90 days before the index ED visit, as well as 1-30, 31-60, and 61-90 days post-index ED visit. In addition, a baseline survey collected demographic information and categorization of the number of prescribed medications taken daily. 
Adult Population Participation Characteristics
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Statistical Analysis
All statistical analyses were conducted using IBM SPSS version 21 (SPSS Inc., Chicago, IL). Study analyses were conducted on the full randomized population and on the subpopulation of patients who reported taking 1 or more prescribed medications daily. This subpopulation would be expected to have the most consistent experience with a medication intervention. Descriptive statistical analysis, Student's t-test, and chisquare were used to assess MRS and non-MRS demographic and health status differences at the time of the index ED visit. A preset significance level was set as P < 0.05.
Generalized estimation equations compared the 90-day period before the index ED visit to the 90 days post-index ED visit for any PC, UC, or ED visits. These matched binary models were adjusted for patient sex and age (centered at population mean = 48) and weighted for survival. Differences in ED visits, PC visits, and UC visits between MRS and non-MRS were evaluated.
Mixed models analysis compared the 30-day average number of ED visits (rate per 1,000 persons) from the period before the index ED visit to 1-30, 31-60, and 61-90 days post-index ED visit for both study groups. This repeated measures linear model was adjusted for patient sex and age (centered at population mean = 48).
■■ Results
Of the approximately 2,000 patients who went through the ED within the 3 months of study, 544 adult patients were seen on weekdays between 8:00 am and 4:00 pm and met the other preliminary study inclusion and exclusion criteria. Of these, 33 were excluded due to incomplete surveys, randomization errors, severe psychiatric disorders, and serious cognition issues (Table 1 ). Of the remaining 511 patients, 278 patients were randomized to the MRS group, while 233 patients received routine care as provided in the institution's ED (non-MRS group). Fourteen patients with a diagnosis of pregnancy/ childbirth/puerperium (ICD-9-CM 630-679) were removed prior to analysis because of the pre-existing requirement for additional medical encounters over the next 90 days. 
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Data were collected for the remaining 497 patients. Table 2 presents the population characteristics of the remaining 497 eligible adult patients, including the full population (ADLT) and the subpopulation of 405 patients who reported 1 or more prescribed medications taken daily at the time of their index ED visits (ADLT1 +)-these were the patients expected to receive the most consistent benefit from the MRS. ALDT and ALDT1 + MRS patients were significantly older than non-MRS patients (53.6 ± 19.2 vs. 42.2 ± 18.5 and 53.8 ± 9.1 vs. 45.6 ± 19.7, respectively). ADLT non-MRS patients were also more likely to have been taking no prescribed daily medications (34.5% vs. 4.1%), and ADLT MRS patients were significantly more likely to have been hospitalized in association with the index ED visit. Neither of those differences was present in the ADLT1 + subpopulation.
Generalized estimating equations (binary repeated measures) for any PC, UC, and ED visits for the 90 days before and after the index ED visit, adjusted for sex and age (centered at the population mean = 48) and weighted for survival, are presented in Table 3 .
Primary Care Utilization
ADLT MRS patients were 1.9 times (95% confidence interval [CI] = 1.4-2.6) more likely to visit their PC providers, compared with ADLT non-MRS patients (mean difference 0.15, P < 0.001). Similarly, ADLT1 + MRS patients were 1.5 (95% CI = 1.04-2.1) times more likely to visit their PC providers than the ADLT1 + non-MRS patients (mean difference 0.10, P = 0.026).
ADLT females were more likely than males to see a PC provider (odds ratio [OR] = 1.6, 95% CI = 1.2-2.2); no similar difference was found in the ADLT1 + subpopulation. Finally, odds of seeing a PC provider increased with age among the full ADLT population and the ADLT1 + subpopulation (OR = 0.02, 95% CI= 1.01-1.02) and (OR = 1.01, 95% CI = 1.003-1.02), respectively; Table 3 ).
Urgent Care Utilization
ADLT MRS patients were less likely than non-MRS patients to visit the UC (OR = 0.7, 95% CI = 0.4-1.2), although the difference was not significant. In addition, ADLT1 + MRS patients were significantly less likely than non-MRS patients to visit the UC (OR = 0.5, 95% CI = 0.3-0.9). ADLT females were more likely than males to visit the UC (OR = 3.5, 95% CI = 1.6-7.6), with a similar difference seen in the ADLT1+ subpopulation (OR = 3.0, 95% CI = 1.3-6.7). Finally, odds of visiting the UC decreased with age among the full ADLT population and the ADLT1 + subpopulation (OR = 0.98, 95% CI = 0.96-0.99) and (OR = 0.97, 95% CI = 0.96-0.99), respectively; Table 3 ).
Emergency Department Visits: Any Visit
No significant MRS versus non-MRS or female versus male differences were seen in either the full ADLT or the ADLT1 + subpopulation when evaluating the simple comparison of whether or not any ED visits occurred during the 90 days following the index ED visit (Table 3) . However, odds of visiting the ED did decrease with age among the full ADLT population and the 
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change from baseline was lower (rose less or decreased more) for MRS patients, none of these reached the level of statistical significance.
■■ Discussion
This study evaluated the potential impact of a pharmacist-led patient-centered MRS in collaboration with ED physicians on patient utilization of outpatient health care services. Based on our analysis, pharmacist provision of a patientcentered MRS in collaboration with ED physicians did not have an overall effect on ED visits. While this finding does not match that of the original pilot study, 17 it should be understood that the pilot study was conducted prior to passage of the Affordable Care Act, which motivated health system initiation of multiple programmatic changes intended to address the issue of 30-day readmission to the ED. However, the problem facing health systems is not simply to decrease ED utilization. They also seek to improve appropriate patient utilization of available health care services, including PC, UC, and ED. In our analysis, there was an increased odds of PC visits among the MRS group. This is important because a key step in improving care transition ADLT1 + subpopulation (OR = 0.99, 95% CI = 0.98-0.996 and OR = 0.99, 95% CI = 0.98-0.995, respectively; Table 3 ). Figures 1 and 2 present the comparison of the 30-day average number of ED visits (rate per 1,000 persons) from the period before the index ED visit to 1-30, 31-60, and 61-90 days postindex ED visit for both study groups. Each repeated measures linear model was adjusted for patient sex and age (centered at population mean = 48) and weighted by survival time.
Emergency Department Visits: Average Number of Visits
Patients in the MRS group had no significant change in the average number of ED visits 1-30, 31-60, and 61-90 days postindex ED visit, compared with the 30-day average from the 90 days preceding the index ED visit in either the full ADLT population (165.9 ± 120.9; Figure 1 ), or the ADLT1 + subpopulation (189.6 ± 24.1; Figure 2 ). On the other hand, ADLT non-MRS patients had a significant increase in the average number of ED visits 1-30 days post-index ED visit (P = 0.042), with no other significant differences identified in the ADLT non-MRS patients or the ADLT1 + non-MRS patients. Also, while the MRS/non-MRS difference was consistently negative; that is, the 
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the patient and PC providers. In the MRS intervention group, letters were given to patients with or without a PC provider with an instruction/education to identify a care provider for the management of their disease states. Our analysis did not evaluate the difference between those patients, with and without identified PC providers at the time of the index ED visit. Overall, however, this component of the MRS intervention appears to have contributed successfully to transitioning patients to a PC setting. Gender and age were the only significant factors identified in the use of PC, UC, and ED visits. As age increases, patients were more likely to use PC and less likely to use either the UC or ED. This is reasonable, since older patients are more likely to have a PC provider when compared with younger patients. 12 Furthermore, this is consistent with the findings of Doran et al. (2013) , who observed an inverse relationship between age and frequency in ED visits. 18 It is important to note the impact of age in ED visits because interventions designed to improve the frequency of ED visits must consider the impact of this factor as it affects their institution service. Future research will is improving outpatient care visits. Among patients taking at least 1 medication, there was also an association between the intervention provided by the pharmacist and decrease in frequency of UC visits. However, this positive effect was not observed in the frequency of ED visits. One possible theory is that there are other social, demographic, or health system factors that may have masked the effect of the intervention provided. Furthermore, at the time of this study, there were policy changes and ongoing quality improvement initiatives in the overall health system that were designed to accomplish the goals of an accountable care organization. The results of this study highlight the difficulty of simply designing a single intervention for reducing ED visits during transition from the ED to home. We hypothesize that as the health care system implements several sets of coordinated interventions or programs, those combined interventions may translate to improved ED utilization. This provides a direction for future research.
It is noteworthy that the increase in PC visits observed in the MRS group has a direct association with involvement of pharmacists with education and provision of letters to both 
nosis). Again, because of the small sample number, we were not able to control for this factor.
■■ Conclusions
A pharmacist-led patient-centered MRS contributed to increased odds of patients visiting their PC providers. This is a positive first step in transitioning patients toward an appropriate use of PC services, which may contribute toward an improvement in the multifaceted challenge of managing ED visits.
evaluate the impact of insurance and post-index hospitalization on frequency of ED visits. Implementation of an MRS program in the ED was challenging. First, this was the first time a clinical pharmacist was introduced in the institution's ED to run the MRS program. Logistically, intervention was systematically implemented so that the MRS program would not significantly affect patient length of stay in the ED. The pharmacist was alerted by the research assistant to see each patient before the physician's initial clinical assessment and upon discharge. This was done either by oral communication or via pager. This procedure did not significantly affect length of stay because patients were seen by the pharmacist while waiting for the provider's initial clinical assessment and also while waiting for completion of discharge planning. Furthermore, the pharmacist office was located in the ED, which further enhanced pharmacist access to patients.
Another barrier that we faced prior to implementing the program was identifying the peak hours of admission visits that would be consistent throughout the study period. It tended to vary seasonally (winter vs. summer or spring). Patient enrollment was limited to a 3-month, weekday, and daytime (8:00 am to 4:00 pm) time period. Therefore, the time period (peak hours) that we chose for clinical pharmacist provision of MRS may not be optimal for other institutions. In addition, despite the randomization of patients to the MRS or non-MRS groups in the ratio of 1:1, we cannot rule out seasonal effect as a contributor to the number or type of patients admitted.
Limitations
We recognize that this study enrolled patients through a single hospital ED, and the 90-day follow-up was limited to its health system's affiliated facilities (hospitals and clinics). Therefore, a known limitation is that PC, UC, and ED visits outside the health system were not included in the study analyses. This limits the generalizability of our results. Another potential limitation of the study is the unbalanced sample size between the MRS and non-MRS groups. Because the original study randomization was not stratified by age group-child (aged < 18 years) and adult (aged > 18 years)-the adult population had slightly more MRS than non-MRS patients. We also observed that the non-MRS group had a higher proportion of patients who reported that they were not taking daily prescribed medications (34.5%). The cause of this difference remains unclear to study investigators, but this information came from the patient survey, which was completed by the patient or caregiver, and the lack of an MRS review of medications may have impacted responses to this question. Other potential limitations of the study included the small sample size and the short duration of the study. Another factor that may have affected our data is the heterogeneity of the cohort group that was seen (primary diag-
